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Antibacterial activityAbstract Nanostructured copper particles are synthesized by Garcinia mangostana leaf extract as
reducing agent with copper nitrate. X-ray diffraction study conﬁrms the formation of nanocrys-
talline cubic phase of copper nanoparticles. The micro-structural properties such as grain size,
strain, dislocation density and particle size are examined. The lattice constant is calculated using
Nelson–Riley function. Physical parameters like lattice constants, stress, strain, dislocation density
and size are calculated. Differential thermal analysis (DTA) and thermo gravimetric (TGA) have
conﬁrmed that nanoparticles have phase purity and weight loss percentage is 3.328%. The particle
size calculated from XRD is 26.51 nm which is in good agreement with the results of W–H plot, SSP
methods and particle analyser. The morphology of prepared copper nanoparticles is characterized
by scanning electron microscope (SEM) and TEM. These biologically synthesized nanoparticles are
highly antibacterial against Escherichia coli and Staphylococcus aureus.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Nanostructured materials have been a great attraction for the
scientiﬁc and technological world in the contemporary times
due to their unique properties and applications in various ﬁelds
[1–3]. In the modern research, preparation and study ofnanoparticles is very essential. The optical, electronic, catalytic
and magnetic properties are very much dependent on shape,
size and chemical surroundings [4–6]. Controlling the shape
and size of nanoparticles is very essential in the preparation
of nanomaterials. Copper is extensively used because of its
physical and chemical properties. In the modern electronic cir-
cuits copper (Cu) plays a major role as it is cost efﬁcient [7].
Copper nanoparticles have a long range of applications as
super strong materials, antibacterial, sensors and catalysts.
Copper nanoparticles react and interact with other particles
due to their high surface-to-volume ratio [8].
For the synthesis of Cu nanoparticles many methods were
employed in the past such as thermal evaporation [9], chemical
synthesis [10], electrochemical synthesis [11], solvothermal
Figure 1 XRD patterns of Cu nanoparticles.
A facile biosynthesis of copper nanoparticles 181route [12] and vapour–liquid–solid growth [13]. Green synthe-
sis is cost effective, eco-friendly, no need of high temperatures
or pressures and importantly toxic chemicals. It helps to have
better progression than chemical and physical methods.
Synthesizing nanoparticles using plants is more beneﬁcent than
any other biological ways as it would be difﬁcult to maintain
the cell cultures. Many other green methods were reported in
the synthesis of nanoparticles using plant extracts [14].
Similarly antimicrobial activity using various nanoparticles
was also reported [15]. In this paper we report the synthesis
of copper nanoparticles from the extract of Garcinia
mangostana leaf. The structural characterization using XRD
and antibacterial activity of biologically synthesized copper
nanoparticles were studied.
2. Experiment details
2.1. Plant material and preparation of the extract
Healthy and fresh Garcinia mangosteen leaves were collected
and washed with distilled water. Garcinia mangosteen leaves
were cut into ﬁne pieces and 25 g of leaves was put in 100 ml
of distilled water and boiled for half an hour. The leaf extract
was ﬁltered through Whatman No. 1 ﬁlter paper. The leaf
extract solution was collected. G. mangostana leaves are widely
used in substitute medicine for the treatment and prevention of
tumours. The results obtained with the evaluation of the bio-
logical activity of the ethanolic extracts of the fruit, leaves
and resin of mangosteen were veriﬁed with previous studies
regarding their antimicrobial activity. Another observed activ-
ity was the potent genotoxic action of the leaf extract, after
short exposure of the B16-F10 melanoma cell line. The pres-
ence of antimicrobial activity and genotoxic potential in leaves
makes further research possible due to the abundance of leaves
on the mangosteen tree [16].
2.2. Synthesis of copper nanoparticles
In the synthesis of copper nanoparticles an aqueous solution
(0.001 M) of copper nitrate (CuNO3)2 was used and Garcinia
mangosteen leaf extract of 5 ml was added to 95 ml of copper
nitrate solution in Erlenmeyer ﬂask. It was heated on water
bath at 70 C for 1 h. It was observed that the colour changes
from dark brown to light green indicating the reduction of
copper nitrate to copper ions. Thus the copper nanoparticles
were obtained. Therefore, the reduction process of metal ions
with the formation of nanoparticles is affected by a large num-
ber of factors; besides the nature of a plant extract containing
active biomolecules in different combinations and concentra-
tions (the effects of which are described above), these include
the reaction mixture pH, incubation temperature, reaction
time, concentration, and electrochemical potential of a metal
ion [17,18]. Due to the limited ability of plants to reduce metal
ions, the efﬁciency of metal nanoparticle synthesis also
depends on the electrochemical potential of an ion [35].
Thus, the ability of a plant extract to effectively reduce metal
ions may be signiﬁcantly higher in the case of ions having a
large positive electrochemical potential (for example, Ag+)
than in the case of ions with a low electrochemical potential
such as ([Ag(S2O3)2]
3) [19]. As discussed above, the proteins
that are present in a plant extract may signiﬁcantly affect theformation of nanoparticles. The approaches that have recently
been used for the ‘‘green’’ synthesis of metal nanoparticles
combine the use of plant extracts with the exogenous supple-
mentation of the in vitro reactions with biomatrices: peptides,
and proteins, whose amino acid sequence and structure are
optimized for the efﬁcient production of nanoparticles.
2.3. Antibacterial activity
The antibacterial assays were carried by standard disc diffu-
sion method on Escherichia coli (E. coli) and Staphylococcus
aureus (S. aureus) which were collected from the stock collec-
tion of Centre for Biotechnology, Institute of Science and
Technology, Jawaharlal Nehru Technological University
Hyderabad, Hyderabad. The culture stocks were revived by
inoculating them into freshly prepared sterile nutrient broth
and incubated at 37 C and 110 rpm for 24 h. Once the media
got solidiﬁed, the bacterial cultures such as E. coli and S. aur-
eus were smeared and were grown in nutrient broth for 24 h at
37 C on their respective petriplates.100 ll of the 24 h broth
culture of each individual culture was taken. Using sterilized
steel cork borer agar wells were made. Each well was ﬁlled with
100 ll of different concentrations of copper nanoparticles i.e.
0.20, 0.40, 0.60, 0.80 and 1.0 lg/ml of copper nanoparticles.
2.4. Instrumentation
An X-ray diffractometer (D8 Advance Bruker, Germany) with
Cu Ka was used to study the crystallographic phases. Thermal
analyses of the samples were done with TG–DTA (EXSTAR
TG/DTA6000 series). The surface morphology of Cu nanopar-
ticles was studied using scanning electron microscope (Quanta
400 (FEI)). Particle size analysis was done with particle
analyser (HORIBA SZ100).
3. Results and discussion
3.1. XRD
Copper nanoparticles are characterized using XRD. The XRD
pattern of copper nanoparticles is shown in Fig. 1 where three
Table 1 Structural parameters of biosynthesized Cu nanoparticles (d – plane spacing, hkl – crystallographic plane, h – Bragg’s angle of
diffraction, a – lattice parameter).
Name d (A˚) hkl 2h acal (A˚) acorrrected (A˚) Av. internal stress S · 109 (N/m2) Dislocation density (q · 1016/m2)
Cu 2.088 111 43.37415 3.6097 3.652 0.039 1.42
1.808 200 50.50428 3.6099
1.278 220 74.21236 3.6091
Figure 2 Nelson–Riley plots of Cu nanoparticles.
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74.21 corresponding to (111), (200) and (220) Miller indices
[20]. It was observed that diffraction peaks correspond to
JCPDS No: 04-0836 and reveal that particles were Face
Centred Cubic (FCC) in structure [21]. The Cu powder was
observed to be well crystallized due to the sharpness in the
major peak (111). From Fig. 1 we observe that the plane
(111) modiﬁes marginally towards the higher diffraction angle
(2h) by a value of 0.09 when compared with bulk value
(2h= 43.295; JCPDS 04-0836) showing compressive stress.
The plane spacing ‘d’ was calculated using Bragg’s equation.
The lattice constant ‘a’ for FCC was calculated form the
equation
a ¼ dðh2 þ k2 þ l2Þ1=2 ð1Þ
The lattice constants ‘a’ was corrected from the Nelson–
Riley (N–R) plot and the values are shown in Table 1. N–R
curve was plotted between the calculated values of ‘a’ for dif-
ferent planes and error function [22]
fðhÞ ¼ 1
2
cos2 h
sin h
þ cos
2 h
h
 
ð2ÞTable 2 Geometric parameters of Cu nanoparticles prepared at
uniform deformation method, SSP – size–strain plot, PA – particle a
Name ‘D’ (in nm) from
Scherrer’s formula UDM method (W–H) plot S
Cu 26.51 24.76 2Graph was plotted for the calculated ‘a’ versus f(h) for Cu
nanoparticles. By extrapolating the function f(h) to zero the
corrected value of lattice constant ‘a’ was found. This change
in lattice constant indicated that grains were strained which
is shown in Fig. 2. The collective effect of crystallite size and
lattice strain due to dislocation was cause for the peak broad-
ening of the sample [23]. The average particle size was calcu-
lated by Debey–Scherrer’s formula [24] and size of the
particles was 26.51 nm.
D ¼ 0:9k
b cos h
ð3Þ
where k, b, and h are the X-ray wavelength (1.54 A˚), the full
width at half maximum (FWHM) of the diffraction peak and
Bragg’s diffraction angle respectively. Dislocation density (d)
was calculated with the crystalline size. The cumulative dislo-
cation density was 1.42 · 1016 Lines/m2.
d ¼ 1
D2
ð4Þ
The lattice constant of the bulk value ao of Cu is 3.615 A˚
(JCPDS: 04-0836). This showed that there was certain amount
of strain in the sample. The stress in the sample was mainly due
to thermal expansion and intrinsically due to many factors like
orientation, grain strain and lattice constants [25]. The average
stress grown in the sample was given by the relation [26].
S ¼ ao  a
ao
 
Y
2r
ð5Þ
where ao and a are lattice parameters of the bulk and
nanoparticles respectively. Y and r are Young’s modulus
and Poisson’s ratio of the bulk material respectively. The val-
ues of Y and r for Cu bulk material are 140 Gpa and 0.34
respectively. From Williamson–Hall (W–H) plot the value of
strain e= (ao  a)/ao is obtained. The values are shown in
Table 1.
Residual stress and grain cause the XRD broadening in the
sample. Therefore the actual size of the particles obtained from
Scherrer’s equation might be different. Strain may be the result
of stress within the crystal and broadening may be due to the
non-uniform strain in the material. Both size and strain broad-
ening exist at once then crystallite size and strain may be foundroom temperature (‘D’ – crystallite/grain/particle size, UDM –
nalyzer, WH – Williamson–Hall).
Strain from WH
plot (e · 103)
Strain from SSP
method (e · 103)
SP method PA
3.63 28 0.265 0.535
Figure 3 W–H plots of Cu nanoparticles.
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from crystal imperfections and distortion is related by
e= bs/4tanh. The size and strain broadening occur together
from the total integral breath of Bragg peak [28]. We assume
that both size and strain contribute to line broadening and
they are independent of each other.
bhkl ¼ bS þ bD ð6Þ
bhkl ¼ 4e tan hþ
Kk
D cos h
ð7Þ
Rearranging Eq. (7) we get
bhkl cos h ¼
Kk
D
þ 4e sin h ð8Þ
The uniform deformation model (UDM) is represented in
Eq. (7), where the strain is assumed to be uniform in all crystal-
lographic directions. Thus considering the crystal as isotropic
the materials properties are measure independent of the direc-
tion. The instrument’s and sample dependent’s effects are the
cause of Bragg peak breath. To remove these aberrations, it
is necessary to assemble a diffraction pattern from the line
broadening of a standard material such as silicon to determine
the instrumental broadening. The instrument-correctedFigure 4 Size-strain plots of Cu nanoparticles.broadening FWHM (bhkl) is calculated using the following
equation [29].
bhkl ¼ ðb2measured  b2instrumentalÞ
1=2 ð9Þ
For all the three peak orientations we have plotted the
graph with bhklcosh with respect to 4sinh. The crystallite size
and strain e are calculated from the y-intercept and the slope
of linear ﬁt respectively. The values are given in Table 2.
From the W–H plot we consider that diffraction domain is
isotropic and micro strain contribution is also considered.
There is another method called ‘size–strain plot’ method to cal-
culate the size–strain parameters for isotropic line broadening
which is shown in Fig. 3. In this approach, the values at high
angles are given less signiﬁcance as their accuracy is less at
those angles [30]. Using Lorentzian function the ‘crystallite
size’ is calibrated and using Gaussian function strain is calcu-
lated [31]. We can write
dhklbhkl cos h
k
 2
¼ 1
D
d2hklbhkl cos h
k
 
þ e
2
 2
ð10Þ
The term dhklbhkl cos hk
 	2
is plotted against
d2
hkl
bhkl cos h
k
 
for the
diffraction peaks of the sample. From linear ﬁt data the
crystallite size is calculated from the slope and the strain from
y-intercept as shown in Fig. 4. The mean apparent size is
Dapp ¼ kslope and the actual size is obtained from D ¼ KDapp
where K= 3/4 for spherical particle. The mean apparent
strain is eapp ¼ 2ð
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
y intercept
p Þ and the root square strain is
obtained from e ¼ eapp
2p
ﬃﬃ
2
p [32]. The assessed values of D and e
are tabulated in Table 2.
3.2. TG/DTA
Fig. 5 shows the TG curve of Cu powder. The total weight loss
percentage of the sample is 3.328% shown in three stages. In
the ﬁrst stage the temperature range is 35–150 C the weight
loss is about 1.309% indicating the liberation of vapour in
the sample. In the second stage the weight loss is 1.137% in
the temperature range150–550 C corresponding to the
discharge of vapour from the interior pores of Cu. The third
stage has a weight loss of 0.881% in the temperature range
550–800 C showing dissipations of carbonaceous matter ofFigure 5 DTA/TG % curve of Cu nanoparticles.
Figure 6 Particle size of Cu nanoparticles.
Figure 7 SEM micrograph of Cu nanoparticles.
Figure 8 TEM image of Cu nanoparticles.
Figure 9 Antibacterial activity of Cu nanoparticles at different
concentrations as a, b, c and d, against E. coli.
Figure 10 Antibacterial activity of Cu nanoparticles at different
concentrations as a, b, c and d, against S. aureus.
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ing the purity of the sample. Due to slight existence of organic
material in sample an exothermic peak at 290 C was observed
in DTA graph.
3.3. Particle analyser
Copper nanoparticles were ultra-stably suspended in the
ethanol. The estimation of Cu particles in the suspension was
calibrated using particle size analyser. In Fig. 6 particle sizeversus undersize percentage of histogram are shown. Under
the dynamic light scattering, Cu particles showed the mean par-
ticle size as 28.9 nm. The crystallite size calculated from XRD,
W–H and SSP is in good agreement with particle analyser.
3.4. SEM
Examination of SEM micrographs revealed the shape and size.
Fig. 7 shows the SEM image of copper nanoparticles. The
morphology of copper nanoparticles was spherical and
agglomerated.
3.5. TEM
From the TEM Fig. 8 it is revealed that the samples are with
an average size of 20–25 nm which is in good agreement with
that estimated by Scherer formula based on the XRD pattern.
Figure 11 Zone of inhibition (mm) shown by Cu nanoparticles
at different concentration.
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The effects of copper nanoparticles at different concentrations
are shown in Figs. 9 and 10 at different concentrations like 0.2,
0.4, 0.6, 0.8 and1.0 lg/ml for different bacterial strains such as
E. coli and S. aureus. As the concentration of copper nanopar-
ticles was increased the inhibition zone measurements also
showed increment which is shown in Fig. 11. It was observed
that copper nanoparticles showed higher antibacterial activity
for S. aureus than E. coli due to their thick cell wall with a
number of mucopeptides and lipoteichoic acids (LTA) adding
to this S. aureus has antioxidant enzyme which produces a
stronger oxidant resistance [33]. S. aureus has very small neg-
ative charge when compared with E. coli. This would help S.
aureus to permit more negative charged free radicals like super-
oxide (–O2) and hydroxyl radicals (–OH) to penetrate into the
cell membrane and kill the cells [34]. Similar results in the
antibacterial activity were observed for Fe3O4 nanoparticles
on 4 bacterial strains [35]. Gram-negative bacteria are more
sensitive when compared to Gram-positive bacteria. Earlier
studies also indicate that gram-negative bacteria are less sensi-
tive than gram-positive bacteria.
4. Conclusion
Copper nanoparticles are prepared by green synthesis method
with Garcinia mangosteen leaves. The sample contains clusters
of Cu nanoparticles. The sample is Face Centred cubic in
structure which is revealed in XRD study. Peak broadening
is observed due to small crystallite size and lattice strain. The
line broadening is analysed by Scherrer formula, W–H plot
and SSP methods. Particle analyser results are in good agree-
ment with the results obtained by W–H plot and SSP methods.
The results are in very close relation with one another. The
weight loss percentage of the sample is 2.8385% which shows
that the sample has high purity. Particle analyser reinforced
the XRD calculations of crystallite size. SEM picture showed
that particles were agglomerated. Antibacterial characteriza-
tion against E. coli and S. aureus has showed that copper
nanoparticles penetrated through the cell membrane resulting
in inhibition zones.References
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